EP 2 365 008 B1

(19)

(12)

(45)

(21)

(22)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(11) EP 2 365 008 B1

EUROPEAN PATENT SPECIFICATION

Date of publication and mention
of the grant of the patent:
19.10.2016 Bulletin 2016/42
Application number: 11167442.0

Date of filing: 16.06.2003

(51)

Int Cl.:

CO8F 8/12(2006.01) COB8F 6/16 (2006.0)
CO8L 27/12 (2006.01) BO1D 71/32(2006.07)
B01J 47112 (2006.01) HO1M 8/02 (2006.01)
HO1M 4/86 (200601

(54)

Fluoropolymer dispersion and process for producing fluoropolymer dispersion

Fluorpolymerdispersion und Verfahren zur Herstellung einer Fluorpolymerdispersion

Dispersion de fluoropolymére et procédé de production de dispersion de fluoropolymere

(84)

(30)

(43)

(62)

(73)

(72)

Designated Contracting States:
ATBE BG CHCY CZDE DKEE ES FIFR GB GR
HU IE IT LI LU MC NL PT RO SE SI SKTR

Priority: 17.06.2002 JP 2002175445
03.03.2003 JP 2003056185

Date of publication of application:
14.09.2011 Bulletin 2011/37

Document number(s) of the earlier application(s) in
accordance with Art. 76 EPC:
03792618.5/1 535 935

Proprietor: Daikin Industries, Ltd.
Osaka-shi, Osaka 530-8323 (JP)

Inventors:
Tatemoto, Masayoshi
Osaka 566-8585 (JP)

(74)

(56)

Arase, Takuya
Osaka 566-8585 (JP)
Ino, Tadashi

Osaka 566-8585 (JP)

Representative: Hoffmann Eitle
Patent- und Rechtsanwailte PartmbB
ArabellastraBe 30

81925 Miinchen (DE)

References cited:
EP-A2- 0341716
US-A- 6 140 408

WO-A1-97/17381

Remarks:

Thefile contains technical information submitted after
the application was filed and not included in this
specification

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 2 365 008 B1
Description
TECHNICAL FIELDS

[0001] The present invention relates to a fluoropolymer dispersion and a method for producing a fluoropolymer dis-
persion.

BACKGROUND ART

[0002] Sulfonic acid group-containing fluoropolymers were initially developed mainly for the purpose of using them as
ion exchange membranes to be utilized in common salt electrolysis, among others. Conventionally, such membrane-
like molded articles are produced by molding -SO,F group-containing fluoropolymers by extrusion molding, for instance,
followed by hydrolysis.

[0003] Sulfonic acid group- or like acid group-containing fluoropolymers have recently attracted attention as materials
of not only ion exchange membranes for common salt electrolysis but also electrolyte membranes for fuel cells and
chemical sensors, and so forth.

[0004] A solution of a sulfonic acid group-containing fluoropolymer in a mixed solvent comprising an alcohol is known
as a medium forimmobilizing a catalyst on the electrolyte membrane surface in the manufacture of electrolyte membranes
and the like (cf. e.g. Japanese Kokai Publication Hei-08-236122). However, this solution has a problem in that it covers
active sites of the catalyst in the process of drying, for instance, and thus cause deteriorations in performance charac-
teristics of fuel cells (cf. e.g. Makoto Uchida: "Element technologies of and design guidelines for gas diffusion electrodes
for PEFC", Denkikagaku oyobi Kogyobutsurikagaku (English title: Electrochemistry), published by The Electrochemical
Society of Japan, 2002, vol. 70, No. 8, p. 639). This solution has a further problem from the environmental and/or
operational viewpoint. Therefore, aqueous dispersions of sulfonic acid group-containing fluoropolymers have been de-
manded.

[0005] Aqueous dispersions of sulfonic acid group-containing fluoropolymers as such can also be used like solutions,
hence can adequately be used in film/membrane formation by casting or in immersion, for instance. Thus, they have a
wide range of application.

[0006] A method currently used in preparing aqueous dispersions of sulfonic acid group-containing fluoropolymers
comprises subjecting membranous molded articles made from -SO,F group-containing fluoropolymer to alkali treatment
and then to acid treatment to convert -SO,F groups to sulfonic acid groups and, further, treating the molded articles in
a mixed solvent composed of water and a lower alcohol or in water at high temperature and high pressure conditions.
[0007] The -SO,F group-containing fluoropolymer so far used in the art in preparing membranous molded articles are
produced mostly by solution polymerization to obtain pellets for use in extrusion molding and like methods of producing
membranous molded articles.

[0008] Conceivable as a method of obtaining aqueous fluoropolymer dispersions as an alternative to solution polym-
erization is emulsion polymerization. Generally, the polymers in polymer latexes prepared by emulsion polymerization
are recovered by adding an electrolyte to the latexes to cause coagulation of polymer particles. However, it is a problem
that the essential auxiliary components, such as the emulsifier and electrolyte, remain in the polymers; it is thus difficult
to obtain high-quality aqueous fluoropolymer dispersions. Emulsifiers, in particular, are difficult to remove, raising a
problem in that the driers are rusted by gases generated in the step of drying the polymers obtained and/or the polymers
are decomposed in the step of film/membrane formation to produce bubbles and/or become dark colored, for instance.
[0009] Known as a method of obtaining aqueous fluoropolymer dispersions without using any conventional emulsifier
is the method which comprises polymerizing a fluoromonomer(s), such as tetrafluoroethylene or/and vinylidene fluoride,
in the presence of a perfluorovinyl ether containing a sulfonic acid group or carboxyl group, which may be in the form
of a salt (cf. e.g. Japanese Kokai Publication Sho-59-196308, Japanese Kokai Publication Sho-55-29519 and Japanese
Kokai Publication Hei-08-67795). However, regarding this method, these publications have no description about the use
of -SO,F group-containing fluorovinyl ether derivative in the step of subjecting the monomer(s) to polymerization.
[0010] Also known as a method of obtaining aqueous fluoropolymer dispersions is the method which comprises using
a fluoromonomer having -SOsNa or the like in the step of polymerization to give sulfonic acid salt type fluoropolymers
without using any conventional emulsifier (cf. e.g. Japanese Kokai Publication 2001-226436 and Japanese Kokai Pub-
lication 2001-226425). However, the publications cited have no description about the method of obtaining aqueous
dispersions of sulfonic acid group-containing fluoropolymers.

[0011] As for the method of obtaining aqueous dispersions of sulfonic acid group-containing fluoropolymers, a method
is known, among others, which comprises treating membranous molded articles prepared from -SO,F group-containing
fluoropolymer with an alkali and then with an acid to convert -SO,F to the sulfonic acid group and dissolving the mem-
branous molded articles in a mixed solvent composed of water and a lower alcohol or in water by treatment under high
temperature and high pressure conditions or treating the membranous molded articles in a solvent essentially consisting
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of water with stirring under high temperature and high pressure conditions to give an aqueous dispersion of particles of
2 to 30 nm in size (cf. e.g. Japanese Kohyo Publication 2001-504872).

[0012] However, the method disclosed in Japanese Kohyo Publication 2001-504872 is inefficient since the fluoropol-
ymer in liquid form as obtained by polymerization is once made into membranous molded articles and these are again
made liquid. Further, it is a problem that a high-temperature and high-pressure treatment is required and, therefore, the
corresponding reaction apparatus and energy are required.

[0013] Furthermore, the polymer particles obtained by the method disclosed in Japanese Kohyo Publication
2001-504872 are known to have a rod-like or thread-like shape such that the aspect ratio is generally 5 to 6 and the
major axis length is about 11 nm. However, in the case of aqueous dispersions prepared by dispersing such rod-like or
thread-like polymer particles, it is necessary to remove, by evaporation, a large amount of the dispersion medium in
forming films/membranes by casting or impregnation, for instance. This is very inefficient, and it is difficult to produce
thick films/membranes. A further problem is that cracks are readily formed in the step of drying.

SUMMARY OF THE INVENTION

[0014] In view of the above-discussed state of the art, it is an object of the present invention to provide a dispersion
comprising a composition containing a sulfonic acid group-containing fluoropolymer suited for use as an electrode or
membrane material, and a method for producing such dispersion. The present invention thus provides a method for
producing a dispersion wherein a fine particle comprising a fluoropolymer having a sulfonic acid group is dispersed in
an aqueous dispersion medium, which method comprises producing the fluoropolymer dispersion in an aqueous system
by

(i) carrying out a polymerization reaction, preferably an iodine transfer polymerization, providing the fluoropolymer
precursor, and

(i) hydrolyzing -SO,X" wherein X' is a halogen atom and which is present in a fluoropolymer precursor, in an
aqueous medium, to thereby give the fluoropolymer, without drying the fluoropolymer precursor and the fluoropol-
ymer.

[0015] Preferred embodiments of this process are as defined in the appended depending claims and/or as defiend in
the subsequent detailed description of the invention.
[0016] Also, the present invention provides a fluoropolymer dispersion obtainable by the present method.

DETAILED DISCLOSURE OF THE INVENTION

[0017] In the following, the present invention is described in detail.

[0018] The fluoropolymer dispersion according to the present invention contains a fine particle comprising a fluoropol-
ymer(s).

[0019] The fine particle comprising fluoropolymers contains a spherical fluoropolymer fine particle in the proportion of
at least 25% by mass thereof, said spherical fluoropolymer fine particle being substantially spherical.

[0020] The phrase "contains a spherical fluoropolymer fine particle in the proportion of at least 25% by mass thereof"
as used herein means that spherical fluoropolymer fine particles amount to 25% by mass or more of the fine particle
comprising fluoropolymers.

[0021] The particle shape of the fine particle comprising fluoropolymers can be evaluated in terms of aspect ratio.
[0022] By saying "substantially spherical" herein, it is meant that the aspect ratio is not higher than 3. Generally, the
particle shape becomes closer to spherical as the aspectratio approaches 1. The fine particles comprising fluoropolymers
preferably have an aspectratio of not higher than 3. Amore preferred upper limitis 2, and amore preferred upper limitis 1.5.
[0023] Generally, when the fine polymer particles are anisotropic in particle shape, the dispersion of the fine polymer
particles tends to show a high viscosity. When a dispersion of the fine polymer particles shows a high viscosity, it
unfavorably becomes difficult to increase the concentration of the fine polymer particles in the dispersion.

[0024] When the fine particles comprising fluoropolymers comprise spherical fluoropolymer fine particles which are
substantially spherical, at the proportion of at least 25% by mass thereof, it is possible, for example, to lower the viscosity
of a fluoropolymer dispersion prepared by using the above-mentioned fluoropolymer solid composition as compared
with the case where the fine particle comprising fluoropolymers are not substantially spherical in shape, hence it becomes
possible to increase the solid matter concentration of the fluoropolymer dispersion and, thus, it is possible to realize high
levels of productivity in the step of film/membrane formation by casting, for instance.

[0025] The fine particles comprising fluoropolymers preferably comprise the spherical fluoropolymer fine particles at
the proportion of 50% by mass or more thereof.

[0026] The above fine particles comprising fluoropolymers preferably have an average particle diameter of not smaller
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than 10 nm. When this is smaller than 10 nm, the particles, when used as an electrode material, may cover active sites,
so that no good cell characteristics may be obtained in some instances.

[0027] When the average particle diameter is within the above range, the upper limit may be set at 300 nm, for instance,
in consideration of the stability of the fluoropolymer dispersion prepared by dispersing fine particles comprising fluor-
opolymers in a liquid medium and/or the ease of preparation of the fluoropolymer precursor to be mentioned later herein.
However, average particle diameters exceeding 300 nm will not significantly influence the cell characteristics.

[0028] The above-mentioned fine particles comprising fluoropolymers more preferably have an average particle di-
ameter of 10-300 nm. A more preferred lower limit to the average particle diameter is 30 nm, and a more preferred upper
limit is 160 nm.

[0029] The above-mentioned aspect ratio and average particle diameter can be determined by observing, under a
scanning or transmission electron microscope, an atomic force microscope or the like, an aggregate of the fine particles
comprising fluoropolymers as obtained by applying the fluoropolymer dispersion onto a glass substrate, followed by
removal of the aqueous dispersion medium, measuring the major axes and minor axes of at least 20 fine particles on
the picture obtained and calculating the aspect ratio, namely the average major axis-to-minor axis ratio (major axis/minor
axis), and the average particle diameter, which is the mean of the major axes and minor axes and which is to be mentioned
later herein.

[0030] The above-mentioned fluoropolymer has a sulfonic acid group.

[0031] Preferably, the existence of the sulfonic acid groups on the particle surface of the fine particles comprising
fluoropolymers is more than that in the particle inside thereof. For use as ion exchange resins or the like, in particular,
it is desirable that the existence on the particle surface be greater. When the existence of sulfonic acid groups are greater
on the particle surface than in the particle inside the dispersion stability can be improved.

[0032] The fine fluoropolymer particles in which the existence of the sulfonic acid group on the particle surface is more
than in the particle inside can be obtained by using the so-called "core/shell" technology in the method for producing
the fluoropolymer dispersion by emulsion polymerization according to the presentinvention. Namely, they can be obtained
by increasing the rate of feed of the sulfonic acid group-containing fluorovinyl ether derivative, which is to be described
later herein, at the late stage of polymerization as compared with the early stage of polymerization.

[0033] Theterm "particle inside" as used herein means the central portion occupying 50% by mass of the whole particle
mass. The term "particle surface" as used herein means the portion of the particle other than the particle inside defined
above.

[0034] Generally, a fluoropolymer solid composition can be obtained by drying the fluoropolymer dispersion of the
present invention to be described later herein. As for the procedure for obtaining the fluoropolymer solid composition
from the fluoropolymer dispersion, there may be mentioned, for example, the method which comprises concentrating
the fluoropolymer dispersion and drying the concentrate at a temperature of 80-400°C.

[0035] When applied to a substrate, the fluoropolymer solid composition may take the form of a coating film formed
on the substrate by heating for drying at the above-mentioned temperature of 80-400°C and then further heating to a
temperature not less than the melting point of the fine particle comprising fluoropolymers.

[0036] The particle shape and average particle diameter of the fine particles comprising fluoropolymers as referred to
hereinabove are those after the above heating for drying, and the requirements imposed thereon are to be met only in
the state not yet subjected to heating at a temperature not less than the melting point of the fine particles comprising
fluoropolymers.

[0037] The fluoropolymer dispersion of the present invention is one in which the dispersion medium is an aqueous
dispersion medium, i.e. it comprises fine particles comprising fluoropolymers as dispersed in an aqueous dispersion
medium. The fluoropolymer dispersion comprises the fine particles comprising fluoropolymers as the dispersoid and the
aqueous dispersion medium as the dispersion medium.

[0038] The "aqueous dispersion medium" so referred to herein is the dispersion medium in the fluoropolymer dispersion
and comprises water. So long as it comprises water, the aqueous dispersion medium may be composed of water and,
further, a water-soluble organic solvent. The aqueous dispersion medium may contain one or more of those additives
which are generally used in aqueous dispersions, for example surfactants and stabilizers.

[0039] The aqueous dispersion medium preferably has a water content of 10-100% by mass. When the content is
below 10% by mass, deteriorated dispersibility will result and unfavorable effects on the environment and human body
may also be produced. A more preferred lower limit is 40% by mass.

[0040] The fluoropolymer dispersion of the present invention can be produced by the method for producing a fluor-
opolymer dispersion according to the present invention which essentially comprises converting a sulfonic acid halide of
a fluoropolymer precursor obtained by the polymerization reaction to the acid salt group by hydrolysis in an aqueous
medium and converting this acid salt group to the acid group by treatment with an acid in an aqueous medium.

[0041] In the present specification, among those methods of producing fluoropolymer dispersions, the method for
obtaining the acid salt group is sometimes referred to as "method (i)" for producing a fluoropolymer dispersion, and the
method for obtaining the sulfonic acid group is sometimes referred to as "method (ii) " for producing a fluoropolymer
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dispersion.

[0042] The method (i) is intended to obtain fluoropolymer dispersions which comprises fine particles comprising fluor-
opolymers as dispersed in the liquid medium mentioned above.

[0043] In the method (i), the fluoropolymer has acid salt groups. The acid salt group is the same as the sulfonic acid
group in salt form or the carboxyl group in salt form as described hereinabove referring to the fluoropolymer solid
composition.

[0044] The method (i) comprises the same step as the step of obtaining the acid salt group in the method (ii) which is
to be described later herein.

[0045] Therefore, like the method (ii), which is to be described later herein, the method (i) comprises the step of
hydrolyzing -SO,X! (X representing a halogen atom) of a fluoropolymer precursor in a liquid medium to give the
corresponding fluoropolymer.

[0046] The term "fluoropolymer precursor" as used herein means a polymer to give fluoropolymer through the above-
mentioned step of hydrolysis in a liquid medium.

[0047] The method (i) has the same characteristic features as the method (ii) which is to be described later herein. In
one of the features, the above-mentioned hydrolyzing step may comprise the polymerization reaction step comprising
the polymerization in the presence of a fluoromonomer (Pm) and a fluoromonomer (Qm) and the alkali treatment step
of treating with an alkali.

[0048] The fluoromonomer (Pm) has -SO,X' (X' representing a halogen atom), and the above-mentioned fluorom-
onomer (Qm) has -SO,X2 (X2 representing -ONR9R10R1'R12 or -OM1,,_in which R9-R'2 each individually are H or
C4.4-alkyl and M is a metal whose valence is L).

[0049] The method (ii) for producing a fluoropolymer dispersion according to the present invention is intended for
producing fluoropolymer dispersions which comprises fine particles comprising fluoropolymers as dispersed in an aque-
ous medium.

[0050] The above method (ii), which is to produce fluoropolymer dispersions in which the dispersion medium is an
aqueous dispersion medium and the dispersoid fluoropolymer has a sulfonic acid group is conceptually different from
the above method (i), in which method the dispersion medium is a liquid medium and the fluoropolymer has an acid salt
group. By merely saying "method for producing a fluoropolymer dispersion" in the present specification, it is meant that
the above-mentioned method (ii) and method (i) are referred to without distinction therebetween.

[0051] In carrying out the method (ii), the fluoropolymer has a sulfonic acid group.

[0052] The sulfonic acid group is preferably one bound to a fluoroether side chain represented by the following general
formula (1):

-O-(CF,CFY'-0),-(CFY?), - (h

wherein Y each individually is F, C1 or perfluoroalkyl; n is an integer of 0-3; Y2 each individually is F or Cl; m is an
integer of 1-5, and the fluoroether side chain is bound via an ether bonding to a carbon atom of a perfluoroethylene unit
in the main chain of the fluoropolymer.

[0053] The above fluoroether side chain is preferably one forming an ether bond with a carbon atom constituting the
fluoroethylene unit in the main chain of the fluoropolymer. The term "fluoroethylene unit" as used herein means the part
derivative from the perfluorovinyl group of a monomer constituting the fluoropolymer in the molecular structure of the
fluoropolymer. Generally, the perfluorovinyl group is a group derived from the fluorovinyl ether derivative composed of
the above-mentioned perfluorovinyl group and the above-mentioned fluoroether side chain bound to each other. The
term "forming an ether bond" refers to the ether bonding of the fluoroether side chain represented by the above general
formula (1) via a divalent oxygen atom in such a form as - (CF,-CF,) -O-(CF,CFY1-0O),-(CFY?),-as a result of substitution
of a fluorine atom bound to a carbon atom constituting the perfluoroethylene unit [-(CF,-CF5)-].

[0054] The method (ii) for producing a fluoropolymer dispersion according to the present invention is to produce the
above-mentioned fluoropolymer dispersions, and comprises the hydrolysis step of hydrolyzing -SO,X" and/or -COZ? of
the fluoropolymer precursor in an aqueous medium to give the fluoropolymer.

[0055] The term "aqueous medium" as used herein means a medium in which the hydrolysis is carried out in the
above-mentioned hydrolysis step and which comprises water. The hydrolysis is carried out in an aqueous dispersion
comprising an aqueous medium and a fluoropolymer precursor. The aqueous system in which this hydrolysis is carried
out comprises at least an aqueous medium as the dispersion medium and fine particles of the above-mentioned fluor-
opolymer precursor as the dispersoid before the start of the hydrolysis and, after completion of the above-mentioned
hydrolysis step, it comprises at least the above-mentioned fine particles comprising fluoropolymers as the dispersoid.
So long as it comprises water, the above-mentioned aqueous medium may comprise water and a water-soluble organic
solvent.

[0056] The above hydrolysis step preferably comprises the alkali treatment step in which the fluoropolymer precursor
is treated with an alkali (such step hereinafter sometimes referred to as alkali treatment step "(A,)")- The above hydrolysis
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step is hereinafter referred to as "hydrolysis step (A)". The -SO,X!-containing fluoropolymer precursor mentioned above
is hereinafter referred to as "fluoropolymer precursor (P)".

[0057] The above symbol X! represents a halogen atom. The halogen atom X! is not particularly restricted but may
be any of fluorine, chlorine, bromine and iodine atoms. Preferably, however, it is a fluorine atom or a chlorine atom, more
preferably a fluorine atom.

[0058] When the step (A, ) is carried out, the groups -SO,X! of the fluoropolymer precursor (P) are converted to acid
salt groups. The term "acid salt group" as used herein means a sulfonic acid group in salt form. The acid salt group
preferably forms an alkali metal salt or an alkaline earth metal salt.

[0059] The hydrolysis step (A) preferably comprises the alkali treatment step (A,) and further the subsequent step
of neutralization treatment with an acid (hereinafter sometimes referred to as acid treatment step "(A,;4)"). When the
step (A,q) is carried out, the acid salt group obtained by step (A,,) is converted to the sulfonic acid group.

[0060] The end point of the hydrolysis reaction in the hydrolysis step (A) can be detected as a point of time at which
the alkali and acid are no more consumed and the pH stabilizes.

[0061] The hydrolysis step (A) preferably comprises the alkali treatment step (A, and, further, a subsequent step of
removing a low-molecular-weight substance (hereinafter sometimes referred to as low-molecular-weight substance
elimination step "(Am,)"). The low-molecular-weight substances are, for example, the residual monomers remaining in
the polymerization reaction step, polymerization initiator residues, unrequired low-molecular-weight polymers and/or
substances formed upon treatment of the fluoropolymer precursor (P) with an alkali. In cases where there exist the
residues of the emulsifier and the like used in the polymerization reaction, these can also be removed.

[0062] The step (A,,) can be carried out by centrifugation method, electrophoresis method or ultrafiltration method,
for instance. The ultrafiltration method is preferably used, however, since it is superior in productivity. The ultrafiltration
method is not particularly restricted but may be any of the methods by using an ultrafiltration apparatus comprising an
ultrafiltration membrane for removing a low-molecular-weight substance. Thus, it includes, among others, the centrifugal
ultrafiltration method and the circulating ultrafiltration method. The ultrafiltration membrane and the ultrafiltration mem-
brane-containing ultrafiltration apparatus are adequately selected according to the molecular weights and types of the
low-molecular-weight substances to be removed, the aqueous medium species, the molecular weight and type of the
fluoropolymers, and other factors. Suited for use as the ultrafiliration membrane-containing ultrafiltration apparatus are
commercially available ones. For the laboratory use, there may be mentioned Centriprep (product of Amicon) and Millitan
(product of Millipore), for instance. It is also possible, in the ultrafiltration step, to concentrate the fluoropolymer obtained.
The fluoropolymer solid composition obtained by concentration or evaporating to dryness the fluoropolymer dispersion
purified by using the above-mentioned ultrafiltration method is preferred in view of its low impurity content.

[0063] The step (A,,,,) may be carried out either before or after the acid treatment step (A,.q)-

[0064] When, in carrying out the method of the present invention, the fluoropolymer precursor is the product of po-
lymerization in the presence of a fluoromonomer (Pm) containing -SO,X" and a fluoromonomer (Qm) containing -SO,X?2
(X2 representing -OM3 or -OM#4,, in which M3 represents an alkali metal or NR'R2R3R4, R'-R4 each individually are H
or C,_4-alkyl and M4 represents an alkaline earth metal), the hydrolysis step preferably comprises the polymerization
reaction step for obtaining the fluoropolymer precursor, the alkali treatment step comprising treatment with an alkali
(hereinafter sometimes referred to as alkali treatment step "(B,,)") and the step of neutralization with an acid (hereinafter
sometimes referred to as acid treatment step "(B,;4)"), in that order. The above hydrolysis step is hereinafter referred
to as "hydrolysis step (B)". The above C4_4-alkyl group is not particularly restricted but may be any of methyl, ethyl, propyl
and butyl groups. The above alkali metal as M3 is not particularly restricted but may be Li, Na, K, Cs, for instance, and
the alkaline earth metal as M# is not particularly restricted but may be Mg or Ca, for instance.

[0065] Inthe above polymerization reaction step, the fluoropolymer precursor can be obtained, for example, by carrying
out the polymerization in the presence of a fluoromonomer (Pm1) of the formula (l11):

CF,=CF-0-(CF,CFY1-0),-(CFY2), -A2 ()

wherein Y1 each individually is F, C1 or perfluoroalkyl; n is an integer of 0-3; Y2 each individually is F or C1; m is an
integer of 1-5, and A2 is -SO,X" wherein X' is a halogen atom, and a fluoromonomer (Qm1) of the formula (IV):

CF,=CF-O-(CF,CFY'-0) -(CFY2) -A3 (V)

(wherein Y1, n, Y2 and m are defined above; A3 represents -SO,X2, X2 represents -OM3 or -OM#,,, M3 represents an
alkali metal or NR'R2R3R4, R1-R#4 each individually are H or C4_4-alkyl and M# represents an alkaline earth metal. The
fluoropolymer precursor obtained in the above polymerization step can take, in the aqueous medium, the core/shell
structure in which the core is a polymer chain comprising the monomer (Pm) and the shell is a polymer chain comprising
the monomer (Qm), since the above-mentioned -SO,X2 is hydrophilic and the above-mentioned -SO,X" is hydrophobic.
In the above polymerization reaction step, the fluoromonomer (Qm) and polymer chains comprising the fluoromonomer
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(Qm) have emulsifying activity and, therefore, it is no more necessary to add such an emulsifier as is generally used in
the conventional cases of emulsion polymerization, hence emulsifier removal in a subsequent step is not necessary.
[0066] When the alkali treatment step (B,) is carried out, -SO,X" which the polymer chain comprising the fluorom-
onomer (Pm) has are converted to acid salt groups and, when the acid treatment step (B,4) is then carried out, the acid
salt groups are converted to sulfonic acid groups and -SO,X2 which the polymer chains comprising the fluoromonomer
(Qm) has are converted to sulfonic acid groups.

[0067] The end point of the hydrolysis reaction in the hydrolysis reaction (B) can be detected as a point of time at
which the alkali and acid are no more consumed and the pH stabilizes.

[0068] In the hydrolysis step (B), the fluoropolymer precursor may be, for example, a seed polymerization product
obtained by carrying out the polymerization in the presence of the above-mentioned fluoromonomer (Pm) and a fluor-
omonomer (Qm)-based polymer obtained by polymerizing the above-mentioned fluoromonomer (Qm). Like polymer
chains comprising the fluoromonomer (Qm) and fluoromonomer (Pm), the above seed polymerization product has
emulsifying activity and, therefore, itis no more necessary to add such an emulsifier as is generally used in the conventional
cases of emulsion polymerization, hence emulsifier removal in a subsequent step is not necessary. The method for
producing a fluoropolymer dispersion according to the present invention requires no such subsequent step and, in this
respect, can be said to be a method capable of efficiently producing sulfonic acid group-containing fluoropolymer dis-
persions and fluoropolymer solid compositions.

[0069] The above hydrolysis step (B) preferably comprises the alkali treatment step (B, ) and further a subsequent
step of removing a low-molecular-weight substance (hereinafter sometimes referred to as low-molecular-weight sub-
stance elimination step "(B,,,)"). The low-molecular-weight substances are, for example, residual monomers remaining
in the polymerization reaction step, polymerization initiator residues, unrequired low-molecular-weight polymers, and/or
substances obtained by treatment of the f luoropolymer precursor with alkali, such as those mentioned hereinabove
referring to the step (A, )- Like the step (A,,,), other low-molecular-weight substances can also be removed.

[0070] The step (B,,) can be carried out in the same manner as the step (A,,,), and use is preferably made of the
same ultrafiltration method as the ultrafiltration method in step (A.,,)-

[0071] The above step (B,,,,) may be carried out either before or after the acid treatment step (B,y)-

[0072] The SO,X'-containing fluoropolymer precursor (X' representing a halogen atom) generally tends to coagulate
and be unstable upon addition of an acid. In accordance with the method of the present invention, however, an alkali is
added and therefore, unless the alkali is added hastily, the fluoropolymer precursor can avoid coagulating and can be
maintained in a state stably dispersed in an aqueous medium and -SO,X" can be quantitatively converted to a sulfonic
acid salt group.

[0073] The method ofthe presentinventionisintended to obtain fluoropolymer dispersions and comprises the hydrolysis
step for hydrolyzing -SO,X which the fluoropolymer precursor has in an aqueous medium to give the corresponding
fluoropolymer. The term "fluoropolymer precursor" as used herein means a polymer which gives the fluoropolymer
through the above-mentioned hydrolysis step.

[0074] The above symbol X represents a halogen atom, -OM3 or -OM#,,, M3 is an alkaline metal or NR9R10R11R12,
and M4 is an alkaline earth metal. The halogen atom represented by X includes those enumerated hereinabove referring
to X.

[0075] The above-mentioned -SO,X is preferably -SO,F.

[0076] When subjected to the above hydrolysis step, -SO,X which the fluoropolymer precursor has is converted to
-SOj either via an acid salt group or without taking the form of an acid salt group depending on the kind of X. The above
hydrolysis step may be carried out using an alkali, and an acid for neutralization.

[0077] As the fluoropolymer precursor has -SO,X! (X1 representing a halogen atom) the hydrolysis can be carried out
using an alkali, and an acid for neutralization in that order. Upon treatment with an alkali, -802X1 which the fluoropolymer
precursor has is converted to an acid salt group and, then, upon treatment with an acid, the above acid salt group can
be converted to the sulfonic acid group.

[0078] The alkali to be used in the above hydrolysis step is not particularly restricted but may be any of those alkalis
which are generally used in hydrolysis, including alkali metal or alkaline earth metal hydroxides, among others. As such
hydroxides, there may be mentioned sodium hydroxide, potassium hydroxide and lithium hydroxide, for instance.
[0079] The acid to be used in the above hydrolysis step is not particularly restricted but may be any of those acids
which are generally used in hydrolysis, including mineral acids, among others. As such mineral acids, there may be
mentioned hydrochloric acid and sulfuric acid, for instance.

[0080] The alkali and acid to be used in the above hydrolysis step can be used also in the hydrolysis step (A) and
hydrolysis step (B).

[0081] The above hydrolysis step can be carried out in the aqueous medium mentioned above.

[0082] The aqueous medium may be one originating in the aqueous polymerization reaction medium to be mentioned
later herein. The polymerization reaction is intended to obtain the above-mentioned fluoropolymer precursor. The po-
lymerization reaction for obtaining such fluoropolymer precursor in accordance with the present invention is herein
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sometimes referred to as "polymerization reaction step". The polymerization reaction for obtaining the fluoropolymer
precursor is preferably carried out by emulsion polymerization, as mentioned later herein. In the case of emulsion
polymerization, the above polymerization reaction is carried out in an aqueous reaction medium. The term "aqueous
reaction medium" as used herein means a medium in which the polymerization reaction is allowed to proceed and which
comprises water. When it is carried out in such aqueous reaction medium, the above polymerization reaction is carried
out in an aqueous dispersion composed of the aqueous reaction medium and fine particles comprising fluoropolymers
precursor formed as the polymerization reaction proceeds. The aqueous dispersion in which the polymerization reaction
is carried out comprises the aqueous reaction medium as the dispersion medium and the fine particles comprising
fluoropolymers precursor as the dispersoid. So long as it comprises water, the aqueous reaction medium may be com-
posed of water and a water-soluble organic solvent. Preferably, however, it is free of any water-soluble organic solvent.
The aqueous reaction medium may contain one or more of those additives which are generally used in aqueous disper-
sions, for example surfactants, stabilizers, and those existing emulsifiers and emulsifying agents which are to be described
later herein. In cases where the aqueous medium is one derived from the aqueous reaction medium, the aqueous
reaction medium as such can be used, after the polymerization reaction step, as the aqueous medium in the above-
mentioned hydrolysis step of carrying out the hydrolysis reaction therein.

[0083] The aqueous medium in the hydrolysis step as such can be used, after the hydrolysis step, as the aqueous
dispersion medium for the fluoropolymer dispersion. In this case, the aqueous dispersion medium is one derived from
the agqueous medium mentioned above.

[0084] The above-mentioned aqueous medium is the dispersion medium in the aqueous dispersion in which the above-
mentioned hydrolysis is carried out, the aqueous dispersion medium is the dispersion medium in the fluoropolymer
dispersion obtained through the hydrolysis step in which the above-mentioned hydrolysis is carried out, and the aqueous
reaction medium is the dispersion medium in the aqueous dispersion in which the polymerization reaction is carried out.
In this respect, the aqueous medium, aqueous dispersion medium and aqueous reaction medium are conceptually
different from one another.

[0085] When the method of the present invention comprises the above-mentioned hydrolysis step and, further, the
polymerization reaction step, as described later herein, the fluoropolymer dispersion can be produced in an aqueous
system through the polymerization reaction step and hydrolysis step. The phrase "in an aqueous system" means "in a
medium comprising water". The method of the present invention can be carried out in a medium comprising water from
the above-mentioned polymerization reaction step to the fluoropolymer dispersion production through the above-men-
tioned hydrolysis step. In cases where, in carrying out the method of the present invention, the polymerization reaction
in the polymerization reaction step is carried out by emulsion polymerization, as mentioned above, the aqueous reaction
medium can be used as such medium comprising water; this aqueous reaction medium can be used, after completion
of the polymerization reaction step, as the aqueous medium in the following hydrolysis step, and this aqueous medium
can be used, after completion of the hydrolysis step, as the aqueous dispersion medium in the fluoropolymer dispersion.
[0086] When the fluoropolymer dispersion production through the above polymerization reaction step and hydrolysis
step is carried out in an aqueous system, as mentioned above, the method of the present invention can produce the
fluoropolymer dispersion without drying the fluoropolymer precursor and fluoropolymer. The phrase "without drying the
fluoropolymer precursor and fluoropolymer" means that the fluoropolymer precursor and fluoropolymer each occurs in
the aqueous medium. In cases where the fluoropolymer precursor and fluoropolymer each occurs in the aqueous medium,
the above-mentioned acid salt group-containing intermediate possibly formed, according to the species of X in -SO,X,
in the course of the formation of the fluoropolymer from the fluoropolymer precursor through the hydrolysis step is formed
in the aqueous medium and remains in the aqueous medium until it is converted to the sulfonic acid group-containing
fluoropolymer.

[0087] The reaction temperature in the hydrolysis step is not particularly restricted. Thus, the reaction may be carried
out at room temperature but, from the reaction rate viewpoint, the reaction is preferably carried out at 30-100°C. The
concentration of the fluoropolymer precursor in carrying out the hydrolysis is not particularly restricted but, when it is
5-15% by mass relative to the aqueous medium, the dispersion comprising the aqueous medium and fluoropolymer
precursor has a viscosity within a preferred range and the particles of the fluoropolymer precursor are distributed uniformly,
hence the hydrolysis proceeds smoothly. The reaction temperature may be selected in the same manner in the hydrolysis
step (A) as well as in the hydrolysis step (B).

[0088] When, after completion of the alkali hydrolysis reaction, the reaction mixture is subjected to ultrafiltration, as
described later herein, the residual monomers remaining in the polymerization reaction step, polymerization initiator
residues, unrequired low-molecular-weight polymers and/or substances formed upon alkali treatment of the fluoropolymer
precursor can be removed and, if there are an emulsifier and like additive(s) remaining after the polymerization reaction,
these can also be removed.

[0089] The above-mentioned fluoropolymer precursor is one obtained by subjecting to polymerization a fluorovinyl
ether derivative represented by the following general formula (ll) :
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CF,=CF-O-(CF,CFY-0),-(CFY2) _-A Iy

wherein Y1 each individually is F, Cl or perfluoroalkyl; n is an integer of 0-3; Y2 each individually is F or Cl; m is an integer
of 1-5, and X is halogen, -OM3 or -OM#4, 5, wherein M3 is an alkali metal or NR9R10R11R12 (R9-R12 each individually are
H or C,_4-alkyl), and M4 is an alkaline earth metal.

[0090] When the fluoropolymer precursor is one obtained by subjecting the above fluorovinyl ether derivative to po-
lymerization, the -SO,X group to be hydrolyzed in the above-mentioned hydrolysis step is one derived from the fluorovinyl
ether derivative represented by the above general formula (l1).

[0091] In formula (II), n preferablyis 0 or 1. In the above general formula (ll), m preferably is 2.

[0092] In the formula (lI), the perfluoroalkyl group as Y is not particularly restricted but may be, for example, trifluor-
omethyl or pentafluoroethyl. In formula (11), Y1 is preferably trifluoromethyl, and Y2 is preferably F.

[0093] As X in formula (Il), there may be mentioned the same ones as mentioned above. Among the halogen atoms,
X representing F or Cl, Y1 representing F or Cl, and Y2 representing F or Cl may be the same or different.

[0094] Preferred as the fluorovinyl ether derivative are those in which, in formula (Il), Y1 is trifluoromethyl, Y2 is F, n
isOor1,and mis 2.

[0095] The above fluoropolymer precursor is generally a copolymer of the above fluorovinyl ether derivative and a
monomer(s) copolymerizable with the fluorovinyl ether derivative, and preferably is a binary or multinary copolymer
obtained by polymerizing the above fluorovinyl ether derivative with a fluorine-containing ethylenic monomer. The fluorine-
containing ethylenic monomer is not particularly restricted but may be any vinyl group-containing one. This is different
from the above-mentioned fluorovinyl ether derivative.

[0096] As the fluorine-containing ethylenic monomer, there may be mentioned, for example, haloethylenic monomers
of the following general formula:

CF,=CF-R/!

(wherein R{! is F, Cl, -R{ or -OR{, and R{ is a straight or branched C4_9-fluoroalkyl group, which may contain an ether
oxygen atom or atoms), and hydrogen-containing fluoroethylenic monomers of the general formula:

CHY3=CFY4

(wherein Y3is Hor F, Y4is H, F, Cl, R@ or -OR¢?; R{3 is a straight or branched C;_g-fluoroalkyl group, which may contain
an ether oxygen atom or atoms).

[0097] Preferably, the fluorine-containing ethylenic monomer comprises atleast one monomer selected from CF,=CF»,,
CH,=CF,, CF,=CFCl, CF,=CFH, CH,=CFH, CF,=CFCFj3, and fluorovinyl ethers represented by CF,=CF-O-R# (R¢*
representing C,_g-fluoroalkyl or a C4_g-fluoropolyether group). Preferably, R¢ in the fluorovinyl ethers is a C4_s-perfluor-
oalkyl group.

[0098] The fluorine-containing ethylenic monomer is preferably a perhaloethylenic monomer, in particular a perfluor-
oethylenic monomer, more preferably CF,=CF,. The fluorine-containing ethylenic monomer may comprise one single
species or two or more species.

[0099] In addition to the fluorine-containing ethylenic monomer, another copolymerizable monomer may further be
added for providing the fluorocopolymer with various functional properties so long as the fundamental performance
characteristics of the fluoropolymer are not deteriorated. The other copolymerizable monomer is not particularly restricted
but may be adequately selected from among copolymerizable monomers to achieve the purpose of controlling the rate
of polymerization, controlling the polymer composition, controlling the mechanical properties such as elasticity modulus,
or introducing crosslinking sites, for instance. As examples, there may be mentioned, among others, monomers having
two or more unsaturated bonds, for example perfluorodivinyl ether, and cyano group-containing monomers.

[0100] The above fluoropolymer precursor preferably has a fluorovinyl ether derivative unit content of 5-40 mole
percent. If such content is lower than 5 mole percent, the fluoropolymer obtained therefrom, when used as an electrolyte,
may show deteriorated performance characteristics. At content levels exceeding 40 mole percent, the mechanical
strength of the films/membranes obtained using the fluoropolymer obtained may be insufficient in certain cases. In cases
where, in a fluoropolymer solid composition, the sulfonic acid group concentration on the fluoropolymer particle surface
is more than that in the fluoropolymer particle inside, the fluorovinyl ether derivative unit content on the fluoropolymer
particle surface is required to be within the above range. A more preferred lower limit is 8 mole percent, and a more
preferred upper limit is 35 mole percent.

[0101] The term "fluorovinyl ether derivative unit" as used herein means the part derived from the fluorovinyl ether
derivative in the molecular structure of the fluoropolymer precursor. The "fluorovinyl ether derivative unit content" so
referred to herein is the proportion of the number of moles of the fluorovinyl ether derivative from which the fluorovinyl
ether derivative unit is derived to the number of moles of the monomers from which all the monomer units in the fluor-
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opolymer precursor are derived. "All the monomer units" refers to the sum of the parts derived from all the monomer in
the molecular structure of the fluoropolymer precursor. Therefore, meant by saying "the monomers from which all the
monomer units are derived" is the total amount of the monomers which have become constituents of the fluoropolymer
precursor. The fluorovinyl ether derivative unit content is the value obtained by infrared absorption spectrometry [IR] or
fused-state NMR at 300°C.

[0102] The method of the present invention comprises the above-mentioned hydrolysis step and further the polymer-
ization reaction step in which the polymerization reaction is carried out. The polymerization reaction is intended to obtain
the fluoropolymer precursor. The polymerization reaction is preferably carried out in an aqueous reaction medium.
[0103] The above polymerization reaction is preferably carried out by emulsion polymerization. As for the method of
emulsification, it may be the method using, for emulsification, one of those emulsifiers which are in general use in the
conventional emulsion polymerization processes (hereinafter referred to as "existing emulsifiers"), the method using,
for emulsification, an agent other than the existing emulsifiers but having emulsifying activity (hereinafter referred to as
"emulsifying agent"), or the method using, for emulsification, both of an existing emulsifier and an emulsifying agent.
The term "emulsion polymerization" as used herein means the polymerization which is carried out in the above-mentioned
aqueous reaction medium using an existing emulsifier and/or an emulsifying agent.

[0104] The existing emulsifier is not particularly restricted but may be any of those generally used as emulsifiers in
the conventional emulsion polymerization processes but, herein, it means an organic compound having surfactant activity
and having no unsaturated bond. The term "surfactant activity" as used herein means that the compound is capable of
forming micelles. The unsaturated bond in question is generally a carbon-carbon double bond. The organic compound
having surfactant activity and having no unsaturated bond may be an anionic surfactant, cationic surfactant, nonionic
surfactant or betaine type surfactant. From the emulsifying power viewpoint, however, itis preferably an anionic surfactant.
The anionic surfactant is not particularly restricted but includes, among others, fluorine-containing emulsifiers such as
fluorine-containing carboxylic acids represented by X4(CF,),COOH (X# is F or H and s is an integer of 6-20) or
CiF+1O[CF(CF3) CF,0],CF(CF53) COOH (t is an integer of 1-5 and u is an integer of 1-5) or salts of such fluorine-
containing carboxylic acids; and fluorine-containing sulfonic acids represented by C,F,.4(CH>),,SO3H (v is an integer
of 6-20 and w is an integer of 0-4) or salt of such fluorine-containing sulfonic acids. As the salts, there may be mentioned,
for example, alkali metal salts, ammonium salts, amine salts, and quaternary ammonium salts. As the anionic surfactant,
there may specifically be mentioned ammonium perfluorooctanoate [C;H5COONH,] and ammonium perfluoronona-
noate [CgH,;,COONH,], among others, in view of their weathering resistance and water resistance.

[0105] As the emulsifying agent, there may be mentioned sulfonic acid salts, among others.

[0106] The emulsifying agent includes, among others, acid/acid salt fluorovinyl ether derivatives of the formula (VII):

CF,=CF-O-(CF,CFY'-0),-(CFY2), -A (ViI)

wherein Y1 each individually is F, Cl, or a perfluoroalkyl group; n is an integer of 0-3; Y2 each individually is F or Cl; m
is aninteger of 1-5; A%is -SO,X3, -SO,NR17R'8 and/or-COOZ3; X3is -OM5or-OM®, ,,, M5 is an alkali metal or NR'R2R3R4,
R1-R# each individually are H or C4_4-alkyl, M® is an alkaline earth metal; R'7 and R18 each individually are H, an alkali
metal, an alkyl group or a sulfonyl-containing group; Z3 is M7 or -M8, 5, M7 is an alkali metal or NRSR8R7R8, R5-R8 each
individually are H or C4_s-alkyl, and M8 is an alkaline earth metal.

[0107] Preferred are acid salt fluorovinyl ether derivatives of the formula (V):

CF,=CF-O-(CF,CFY-0),-(CFY2) _-A¢ V)

wherein Y1, Y2, n and m are as defined above; A4 is -SO,X3 or -CO0Z3, and X3 and Z3 are as defined above). When
such an acid/acid salt fluorovinyl ether derivative or such an acid salt fluorovinyl ether derivative as mentioned above is
used, emulsification can be attained even if the aqueous reaction medium contains no existing emulsifier. Therefore,
there is no need for removal of the existing emulsifier after emulsion polymerization, unlike in the conventional art. The
above-mentioned acid/acid salt fluorovinyl ether derivative or acid salt fluorovinyl ether derivative shows emulsifying
activity on the occasion of emulsion polymerization and, in addition, it is ethylenic and therefore can be added as a
monomer in the polymerization reaction for polymerization thereof to constitute at least part of the molecular structure
of the fluoropolymer precursor. The fluoropolymer precursor obtained by polymerizing the above acid/acid salt fluorovinyl
ether derivative or acid salt fluorovinyl ether derivative can also have emulsifying activity.

[0108] In the above-mentioned hydrolysis step (B), the fluoromonomer (Qm) may have -SO,X3 as A8 in formula (VII)
among the above acid/acid salt fluorovinyl ether derivatives, namely as A4 in the general formula (V) among the above
acid salt fluorovinyl ether derivatives. The fluoromonomer (Qm) and the polymer chain comprising the fluoromonomer
(Qm) have emulsifier activity and, therefore, the aqueous medium need not contain an existing emulsifier. In this case,
the fluoropolymer precursor (Q) is generally one obtained by carrying out the polymerization reaction in an aqueous
reaction medium containing no existing emulsifier, as mentioned above.
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[0109] The above emulsion polymerization may be carried out by using an existing emulsifier or by using an emulsifying
agent without any existing emulsifier. The use of an emulsifying agent without any existing emulsifier is preferred since
no emulsifier removal is required after the polymerization reaction and since, when the above-mentioned acid/acid salt
fluorovinyl ether derivative or acid salt type fluorovinyl ether derivative is used, no emulsifier removal is required and,
further, such derivative having emulsifying activity can efficiently be used as a monomer. Depending on the polymerization
conditions in carrying out the above emulsion polymerization, the number of particles of the fluoropolymer precursor
obtained may decrease, namely the particle size may increase, hence the load on the ultrafiliration membrane may
increase in the low-molecular-weight substance elimination step mentioned above in some cases and, further, the
films/membranes produced in the step of film/membrane formation may become heterogeneous in certain cases. In
such cases, an existing emulsifier is preferably used.

[0110] For increasing the number of particles of the fluoropolymer precursor, it is possible to carry out the so-called
"seed polymerization" which comprises carrying out the polymerization by using a large amount of an existing emulsifier
or an emulsifying agent, diluting the dispersion obtained, and further continuing the polymerization.

[0111] The existing emulsifier and/or emulsifying agent to be used in the above emulsion polymerization is generally
used in an amount of 0.01-10% by mass based on the aqueous reaction medium.

[0112] The polymerization reaction can be carried out in the conventional manner except that the above-mentioned
emulsifying agent can be used as well.

[0113] The above polymerization reaction may be carried out using a polymerization initiator. The polymerization
initiator is not particularly restricted but may be any of those generally used in the polymerization of fluoropolymers, for
example organic peroxides, inorganic peroxides, and azo compounds. The use of ammonium persulfate [APS] is par-
ticularly preferred. The level of addition of the polymerization initiator is preferably 0.01-1% by mass relative to the total
amount of all the monomers to be subjected to the polymerization reaction.

[0114] The aqueous reaction medium in the above polymerization reaction preferably has a pH of 4-7. At pH levels
within the above range, the polymerization reaction can progress smoothly and the hydrolysis of -SO,X, which the
fluorovinyl ether derivative during polymerization reaction and/or the fluoropolymer precursor has, can be minimized.
[0115] When the acid salt fluorovinyl ether derivative of general formula (V) is used as an emulsifying agent, the
fluoropolymer precursor obtained by the above polymerization reaction has the above-mentioned -SO,X3 and/or-COOZ?4.
The -SO,X3 can be converted to the sulfonic acid group by acid treatment with an acid and, as for the method of such
acid treatment, the same method as in the above-mentioned acid treatment step (A,.4) and acid treatment step (B,.4)
can be used. It is thought that the above-mentioned -COOZ# can be converted to the carboxyl group by the same acid
treatment as in the above acid treatment step (A,.q) and acid treatment step (B,q)-

[0116] Incarrying outthe method of the presentinvention, the above-mentioned polymerization reaction may be carried
out in the manner of the so-called iodine transfer polymerization technique according to which the copolymerization is
carried out in the presence of an iodine compound to give a block copolymer. When such iodine transfer polymerization
is carried out, the films/membranes to be described later herein, which are obtained from the polymer, can show good
mechanical strength characteristics even when the above-mentioned fluorovinyl ether derivative unit content is relatively
low.

[0117] The iodine compound to be used in the above iodine transfer polymerization includes, among others, perfluor-
oalkylene diiodides such as 1, 3-diidoperfluoropropane, 1,4-diiodoperfluorobutane, 1,3-diiodo-2-chloroperfluoropropane,
1,5-diiodo-2,4-dichloroperfluoropentane, 1,6-diiodoperfluorohexane, 1,8-diiodoperfluorooctane, 1,12-diiodoperfluoro-
dodecane and 1,16-diiodoperfluorohexadecane, unsaturated bond-containing perfluoroalkenyliodides such as CF,=CFI
and CF,=CFOCF,CF,l, diiodomethane, and 1,2-diiodoethane. One of these species or a combination of two or more
of them may be used. 1,4-Diiodoperfluorobutane is preferred, among others. The iodine compound may be used in an
amount of 0.01-1% by mass relative to the total amount of all the monomers subjected to the polymerization reaction.
[0118] The fluoropolymer dispersion of the present invention, if necessary after incorporation of an alcohol therein,
can be suitably used in forming thin films/membranes by impregnating porous supports for film/membrane formation or
by casting for film/membrane formation, as described later herein. The fluoropolymer dispersion of the present invention
can also be used in thick film/membrane formation, if necessary after incorporation of, for example, polyethylene glycol
erein.

[0119] The alcohol to be incorporated according to need is not particularly restricted but may be any of those generally
incorporated in polymer dispersions for thin film formation. Thus, there may be mentioned, for example, straight or
branched C4_s-alkanols, which may be substituted by a fluorine atom or atoms. Those alkanols having 1 to 3 carbon
atoms are preferred. Such alkanols are not particularly restricted, and Examples include methanol, ethanol, propanol,
isopropanol, and tetrafluoropropanol. As the tetrafluoropropanol, there may be mentioned 2,2,3,3-tetrafluoropropanol.
[0120] A dispersion composition for thin film formation comprises the above-mentioned fluoropolymer dispersion and
at least one alcohol selected from methanol, ethanol, propanol and tetrafluoropropanol. Preferred as the tetrafluoropro-
panol is 2,2,3,3-tetrafluoropropanol. The above-mentioned alcohol may be used singly or two or more of them may be
used.
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[0121] The level of addition of the above alcohol(s) is preferably 10-80% by volume relative to the fluoropolymer
dispersion. By adding the alcohol(s) at the above addition level, itis possible to adjust the surface tension of the dispersion
composition for thin film formation, so that when films/membranes are formed using the dispersion composition for thin
film formation, as described later herein, uniform films/membranes can be obtained.

[0122] The dispersion composition for thin film formation may further contain one or more other components or ingre-
dients other than the fluoropolymer dispersion and alcohol, unless the film-forming properties of the dispersion compo-
sition for thin film formation are impaired. As the other components/ingredients, there may be mentioned, among others,
alcohols other than the above-defined alcohols, film-forming auxiliaries, and active substances to be mentioned later
herein.

[0123] The above-mentioned fluoropolymer dispersion or dispersion composition for thin film formation can be judi-
ciously used in forming films/membranes. Examples of the "films/membranes" include, within the meaning thereof,
films/membranes including the so-called thin films/membranes and, further, films and sheets. The films/membranes may
be those obtained by film/membrane formation by casting, impregnation, or coating, for instance. They do not include,
for example, the substrates or porous supports used in the step of film/membrane formation.

[0124] The film/membrane is one obtained by film/membrane formation by casting using the above-mentioned fluor-
opolymer dispersion or dispersion composition for thin film formation. The phrase "film/membrane formation by casting"
generally refers to the manufacture of thin films/membranes by applying the fluoropolymer dispersion or dispersion
composition for thin film formation to the surface of a substrate such as a glass plate, drying the dispersion/composition
at ordinary temperature and/or with heating, and peeling off the thus-formed film/membrane from the substrate surface,
if necessary after immersing in water. When the above drying is carried out at ordinary temperature alone, the film/mem-
brane obtained after application of the fluoropolymer dispersion or dispersion composition for thin film formation may
readily soluble in water or the like in certain instances and, therefore, drying is preferably carried out at least with heating.
The term "ordinary temperature" as used herein means a temperature of or in the vicinity of 30 °C, and the "heating"
generally refers to a temperature of 80-400°C. Preferably, the drying temperature is not lower than 200°C.

[0125] The film/membrane is also one obtained by impregnating a porous support with the above-mentioned fluor-
opolymer dispersion or dispersion composition for thin film formation and then removing the liquid medium. Generally,
the liquid medium can be removed by drying at ordinary temperature and/or with heating. The film/membrane obtained
by impregnation with the fluoropolymer dispersion or dispersion composition for thin film formation, when dried only at
ordinary temperature, may readily soluble in water or the like in certain instances and, therefore, the drying is preferably
carried out at least with heating. The "drying with heating" following the impregnation can be carried out at a temperature
not lower than the melting point of the fluoropolymer, for example at 200-350°C.

[0126] The above-mentioned porous support is not particularly restricted but may be an organic or inorganic material
having a porous structure. Thus, there may be mentioned, among others, porous materials made of glass wool, a ceramic
material, alumina, a porous polytetrafluoroethylene [PTFE] film, carbon, a nonwoven fabric or any of various polymers.
[0127] The films/membranes obtained by casting for film/membrane formation and the films/membranes formed on
porous supports preferably have a film/membrane thickness of 5-50 um. When the thickness is less than 5 um, the
films/membranes will be poor in mechanical strength characteristics and, when the thickness exceeds 50 um, the
films/membranes, when used in solid polymer electrolyte type fuels cells, for instance, will unfavorably cause deterio-
rations in performance characteristics of the fuel cells.

[0128] For obtaining thick films/membranes, it is preferable for the concentration of particles comprising the fluoropol-
ymer in the fluoropolymer dispersion to be high, since, then, the number of repetitions of casting can be reduced and
the volume shrinkage in the step of drying can be suppressed. Low concentrations are undesirable since, in particular
when films/membranes with a thickness of scores of millimeters are to be obtained, it is necessary to repeat several
times the step of casting of the fluoropolymer dispersion and the step of drying.

[0129] An active substance-immobilized material comprises the fluoropolymer and an active substance and is one
obtained by applying, to a substrate, a liquid composition comprising the active substance and the above-mentioned
fluoropolymer dispersion or dispersion composition for thin film formation. Upon application of the liquid composition to
a substrate, the fluoropolymer and active substance are immobilized on the substrate.

[0130] The above-mentioned active substance is not particularly restricted but may be judiciously selected, according
to the intended use of the active substance-immobilized material, from among those substances capable of having
activity in the active substance-immobilized material. For example, a catalyst can judiciously be used in certain instances.
[0131] The above-mentioned catalyst is not particularly restricted but may be any of those generally used as electrode
catalysts. Thus, for example, mention may be made of metals comprising platinum or ruthenium; and organic metal
complexes generally comprising one or more metals as central metals and comprising platinum or ruthenium as at least
one of the central atoms. The metal comprising, for example, platinum or ruthenium is preferably a platinum-containing
metal, although it may be a ruthenium-containing metal such as simple substance ruthenium. The platinum-containing
metal is not particularly restricted but includes, among others, simple substance platinum (platinum black) and platinum-
ruthenium alloys. Generally, the catalyst is used in the form supported on a carrier such as silica, alumina or carbon.
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[0132] The above-mentioned liquid composition comprises at least the above-mentioned fluoropolymer dispersion or
dispersion composition for thin film formation and the above-mentioned active substance, if necessary together with
another component(s). As the other component, there may be mentioned, for example, film-forming auxiliaries.

[0133] The above-mentioned substrate is not particularly restricted but includes, among others, the above-mentioned
porous supports, resin molded articles, and metal sheets/plates. Preferred are, for example, electrolyte membranes and
porous carbon electrodes for fuel cells. The electrolyte membranes comprise preferably fluoropolymer, and it may
comprise the above-mentioned fluoropolymer.

[0134] The "application of the liquid composition to a substrate" comprises applying the liquid composition to the
substrate and, if necessary after drying, further heating the whole generally at a temperature not lower than the melting
point of the fluoropolymer. So long as the fluoropolymer and active substance can be immobilized on the substrate, the
heating conditions are not particularly restricted but, for example, several minutes, for example 2-30 minutes, of heating
at 200-350°C is preferred.

[0135] An electrolyte membrane comprises the above-mentioned active substance-immobilized material. The elec-
trolyte membrane may contain a substance(s) other than the active substance-immobilized material unless the properties
of the active substance-immobilized material are deteriorated thereby.

[0136] A solid polymer electrolyte fuel cell comprises the above-mentioned electrolyte membrane. The solid polymer
electrolyte fuel cell is not particularly restricted so long as it comprises the above-mentioned electrolyte membrane.
Generally, it may be one comprising those constituents which constitute the solid polymer electrolyte fuel cell, such as
electrodes, gas, etc.

[0137] The above-mentioned dispersion composition for thin film formation, the film/membrane obtained by casting,
the membrane formed on a porous support, the active substance-immobilized material, the electrolyte membrane and
the solid polymer electrolyte fuel cell each is obtained from an acid/acid salt group-containing fluoropolymer, preferably
a sulfonic acid group-containing fluoropolymer.

BEST MODES FOR CARRYING OUT THE INVENTION

[0138] The following examples illustrate the present invention in further detail. These examples are, however, by no
means limitative of the scope of the present invention.

Example 1
[0139]

(1) A 300-ml stainless steel autoclave of the agitator type was charged with a solution of 2.4 g of
CF,=CFOCF,CF,805Na and 20 mg of ammonium persulfate [APS] in pure water and, after cooling to 0°C, the
autoclave inside space was thoroughly deaerated and substituted with tetrafluoroethylene [TFE] gas and then
evacuated. Then, 20 g of CF,=CFOCF,CF,SO,F deaerated with N, gas was injected into the autoclave, hexafluor-
opropylene [HFP] gas was further injected under pressure until a pressure of 0.08 MPa and, finally, TFE gas was
injected under pressure until 0.9 MPa, immediately followed by the start of temperature raising. The temperature
was programmed so that it arrived at 60°C in about 10 minutes, when the pressure was 1.2 MPa. Immediately
thereafter, the pressure began to fall and dropped to 0.7 MPa after 1.5 hours. Thereafter, the polymerization was
continued while maintaining the pressure at 0.7 to 0.9 MPa. After 4 hours, the polymerization was finished by
temperature raising and pressure release. A fluoropolymer precursor composed of tetrafluoroethylene [TFE] and
CF,=CFOCF,CF,SO,F was obtained in the state of a colorless, transparent dispersion, and the unreacted portion
of CF,=CFOCF,CF,SO,F weighed about 4 g. The solid content of the fluoropolymer precursor in the dispersion
was 16% by mass, and the CF,=CFOCF,CF,SO,F unit contentin the fluoropolymer precursor was 16 mole percent.
The CF,=CFOCF,CF,SO,F unit content values described herein each is the value obtained by subjecting each
fluoropolymer precursor to coagulation with an acid and washing and then to infrared absorption spectroscopic
measurement [IR] or fused-state NMR measurement at 300°C.

(2) The fluoropolymer precursor dispersion (50 ml) obtained as described above under (1) was two-fold diluted with
pure water, the dilution was stirred in a 200-ml beaker, the temperature was raised to 55°C, and the -SO,F groups
of the fluoropolymer precursor were hydrolyzed by adding dropwise a 10% (by mass) aqueous solution of potassium
hydroxide while maintaining the pH at 10. After about 3 hours, no more decrease in pH was observed. However,
the hydrolysis step was continued for further 2 hours and then finished. During this period, no fluoropolymer pre-
cipitation was perceived by the eye.

(3) The reaction mixture obtained as described above under (2) was treated for hydrolysis by adding 1 N hydrochloric
acid, and the fluoropolymer was purified and concentrated by centrifugal ultrafiltration using Centriprep YM-10
(product of Amicon) with simultaneous removal of low-molecular-weight substances. The fluoropolymer dispersion
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obtained had a fluoropolymer concentration of 32% by mass and contained a fluoropolymer having stable -SO;K
groups with a small proportion of -SO;Na groups.

(4) To the fluoropolymer dispersion obtained as described above under (3) was added a mixture of ethanol and
isopropanol (1:1 by volume) in an amount half the volume of the dispersion to give a dispersion composition for thin
film formation. The thus-obtained dispersion composition for thin film formation had a viscosity of about 0.08 Pa-s.
The dispersion composition for thin film formation was applied onto a glass sheet and then dried at room temperature
to give a colorless, transparent film. The film formed was heat-treated at 300°C for 10 minutes for fixation. The whole
was then immersed in pure water, and the thin film was peeled off from the glass sheet. The thin film obtained had
a thickness of 5-10 um. The viscosity given above is the value obtained by carrying out the measurement at 25°C
using a type B viscometer.

Example 2

[0140] A fluoropolymer precursor was obtained in the state of a dispersion in the same manner as in (1) of Example
1 except that an amount of 2% by mass, relative water, of ammonium perfluorooctanoate [C;F;sCOONH,] was used
as the emulsifier in lieu of CF,=CFOCF,CF,SO3;Na and that the charging of hexafluoropropylene [HFP] gas under
pressure was omitted. The dispersion obtained was colorless and transparent, the solid content of the fluoropolymer
precursor inthe dispersion was 18% by mass, and the CF,=CFOCF,CF,SO,F unit contentin the fluoropolymer precursor
was 16.5 mole percent.

[0141] The fluoropolymer precursor dispersion obtained was treated in the same manner as described above under
(2), (3) and (4) in Example 1. The -SO,F groups in the fluoropolymer precursor could be converted to -SO3K groups,
and coating films could be formed as well.

Example 3

[0142] A fluoropolymer precursor was obtained in the state of a dispersion in the same manner as in (1) of Example
1 except that CF,=CFOCF,CF,SO3Na was not used. A certain extent of fluoropolymer precursor coagulated in the
dispersion obtained, and the fluoropolymer precursor particles were large in size, hence the dispersion was opaque.
[0143] The dispersion obtained was subjected to alkali hydrolysis in the same manner as in (2) of Example 1. Although
the fluoropolymer particles coagulated in the early reaction stage, the hydrolysis reaction could be brought to completion.
[0144] The reaction mixture after the above hydrolysis was ultrafiltered by the same centrifugal ultrafiltration method
as described above under (3) in Example 1. Although the fluoropolymer sedimented because of the large sizes of particles
thereof, the fluoropolymer, when stirred in pure water, could be dispersed again.

[0145] A dispersion composition for thin film formation comprising the fluoropolymer dispersion after purification was
prepared in the same manner as mentioned above under (4) in Example 1 and applied to a glass sheet, followed by
drying at room temperature. The resulting film was milk-white because of its being not homogeneous. When heated at
300°C, however, the film became colorless and transparent. It was thus possible to obtain thin films/membranes.

Example 4

[0146] A transparent dispersion was obtained in the same manner as in (1) of Example 1 except that 100 mg of 1,4-
diiodoperfluorobutane  [I(CF,),l] was added together with CF,=CFOCF,CF,SO,F. Then, the residual
CF,=CFOCF,CF,SO,F was removed by 30 minutes of degassing treatment under reduced pressure at40°C with purging
with N, gas and, then, CF,=CFCF5 gas was charged under pressure until 0.6 MPa and, further, CF,=CF, gas was
charged under pressure until 1 MPa. Upon raising the temperature to 60°C, pressure drop immediately began. The
polymerization was continued for 1. 5 hours while feeding CF,=Cr, gas to maintain the pressure at 0.9 to 1.0 MPa.
Thereafter, the polymerization reaction was terminated by pressure release, whereby a colorless and transparent fluor-
opolymer precursor dispersion was obtained.

[0147] The fluoropolymer precursor dispersion obtained, when treated in the same manner as described above under
(2), (3) and (4) in Example 1, could give the corresponding fluoropolymer dispersion and coating films.

[0148] Astheabove resultsindicate, the fluoropolymer dispersion of Example 3 as produced by using the fluoropolymer
precursor obtained by the polymerization reaction in the aqueous reaction medium containing neither the monomer
having emulsifying activity nor the emulsifier could be obtained in the state of a dispersion and could be formed into
films/membranes. The fluoropolymer dispersion of Example 1 or 2 as produced by using the fluoropolymer precursor
obtained by the polymerization reaction in the aqueous reaction medium containing the monomer having emulsifying
activity or the emulsifier showed better dispersibility and film-forming ability, among others. The fluoropolymer dispersion
of Example 4 as produced by using the fluoropolymer precursor obtained by using the iodine transfer polymerization
technique had no dispersibility, film-forming ability or like problems.
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(1) A 3, 000-ml stainless steel autoclave of the agitator type was charged with 300 g of a 10% aqueous solution of
C,F,5COONH, and 1,170 g of pure water, followed by thorough evacuation and nitrogen substitution. After thorough
evacuation of the autoclave, tetrafluoroethylene [TFE] was injected into the autoclave until a gage pressure of 0.2
MPa and the temperature was raised to 50°C. Then, 100 g of CF,=CFOCF,CF,SO,F was charged and TFE gas
was introduced to increase the pressure to a gage pressure of 0. 7 MPa. A solution of 0.5 g of ammonium persulfate
[APS] in 60 g of pure water was then injected into the autoclave to initiate the polymerization reaction.

For filling up that portion of TFE consumed by polymerization, TFE was continuously fed to maintain the autoclave
inside pressure at 0.7 MPa. Further, CF,=CFOCF,CF,SO,F was continuously fed in an amount corresponding to
53% by mass of the TFE fed to continue the polymerization reaction.

At the time when the TFE fed amounted to 522 g, the pressure in the autoclave was released to terminate the
polymerization reaction. The reaction mixture was then cooled to room temperature to give 2,450 g of a slightly
turbid aqueous dispersion with a fluoropolymer precursor content of about 33% by mass.

A portion of the above aqueous dispersion was taken and coagulated with nitric acid, and the coagulate was washed
with water and dried and subjected to fused-state NMR measurement. The fluorovinyl ether derivative unit content
in the fluoropolymer precursor was 19 mole percent.

(2) A 50-ml portion of the fluoropolymer precursor dispersion obtained in the above step (1) was 5-fold diluted with
pure water. The dilution was stirred in a 500-ml beaker, the temperature was raised to 55 °C, and the -SO,F groups
which the fluoropolymer precursor had were hydrolyzed while maintaining the pH at 10 or above by adding dropwise
a 10% (by mass) aqueous solution of sodium hydroxide. After about 3 hours, no more decrease in pH was observed.
However, the hydrolysis was further continued for 2 hours and then terminated. Fluoropolymer precipitation was
not noticed by the eye.

(3) Acid hydrolysis was effected by adding 1 N hydrochloric acid to the reaction mixture obtained in the above step
(2), and the fluoropolymer was purified and concentrated and low-molecular-weight substances were removed
simultaneously by centrifugal ultrafiltration using Centriprep YM-10 (product of Amicon). The fluoropolymer disper-
sion obtained had a fluoropolymer concentration of 43% by mass and contained the corresponding fluoropolymer
having stable -SO;K groups.

The fluoropolymer dispersion was 100-fold diluted with pure water, and a sample for particle shape measurement
was prepared by dropping the dilution onto an aluminum sheet, followed by drying at 60°C. The sample was subjected
to atomic force microscopy [AFM], 20 particles in the picture obtained were extracted at random, and the aspect
ratio and average particle diameter thereof were determined and found to be 1.0 and 100 nm, respectively.

(4) To the fluoropolymer dispersion obtained as described above under (3) was added a mixture of ethanol and
isopropanol (1:1 by volume) in an amount half the volume of the dispersion to give a dispersion composition for thin
film formation. The thus-obtained dispersion composition for thin film formation had a viscosity of about 0.08 Pa-s.
The dispersion composition for thin film formation was applied onto a glass sheet and then dried at room temperature
to give a colorless, transparent film. The film formed was heat-treated at 300°C for 10 minutes for fixation. The whole
was then immersed in pure water, and the thin film was peeled off from the glass sheet. The thin film obtained had
a thickness of 12 to 17 um. The viscosity given above is the value obtained by carrying out the measurement at
25°C using a type B viscometer.

(5) The fluoropolymer dispersion obtained in the above step (3) was evaporated to dryness using a rotary evaporator
to give a fluoropolymer solid composition. Observation of the surface of the fluoropolymer solid composition under
a scanning electron microscope [SEM] gave the same results as described above under (3).

(6) A 5-g portion of the fluoropolymer solid composition obtained in the above step (5) was placed in a 200-ml beaker,
95 g of NMP was added, and the mixture was sonicated for 15 minutes with occasional shaking. A slightly turbid
fluoropolymer dispersion was obtained.

Example 6

[0150]

(1) A 3, 000-ml stainless steel autoclave of the agitator type was charged with 600 g of a 10% aqueous solution of
C,F415COONH, and 870 g of pure water, followed by thorough nitrogen substitution. The autoclave was evacuated
sufficiently and, then, TFE gas was charged until a gage pressure of 0.2 MPa, and the temperature was raised to
50°C. Thereafter, 20 g of CF,=CFOCF,CF,SO,F was injected, and the gage pressure was raised to 0.7 MPa by
introducing TFE gas. The polymerization was then initiated by injecting an aqueous solution of 0.5 g of ammonium
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persulfate [APS] in 60 g of pure water.

[0151] For filling up that portion of TFE consumed by polymerization, PFE was continuously fed to maintain the
autoclave inside pressure at 0.7 MPa. Further, CF,=CFOCF,CF,SO,F was continuously fed in an amount corresponding
to 30% by mass of the TFE fed to continue the polymerization reaction.

[0152] At the time when the TFE fed amounted to 400 g, a portion of the fluoropolymer precursor dispersion was
collected as a sample. Then, 120 g of CF,=CFOCF,CF,SO,F was charged under pressure and the polymerization was
further continued. Since the pressure rapidly decreased at that point of time and, therefore, TFE was fed in an increased
amount but this was not immediately consumed by polymerization. After pressure recovery, the polymerization was
continued while continuously feeding CF,=CFOCF,CF,SO,F in an amount of 60% by mass of the TFE consumed by
polymerization.

[0153] At the time when the TFE fed amounted to 200 g, the pressure in the autoclave was released to terminate the
polymerization reaction. The reaction mixture was then cooled to room temperature to give 2,470 g of a slightly turbid
aqueous dispersion with a fluoropolymer precursor content of about 33% by mass.

[0154] A dried fluoropolymer precursor was obtained from the above aqueous dispersion in the same manner as in
Example 5. As a result of fused-state NMR measurement, the CF,=CFOCF,CF,SO,F unit content in the fluoropolymer
precursor was found to be 10 mole percent and the CF,=CFOCF,CF,SO,F unit content in the above aqueous dispersion
to be 13 mole percent.

[0155] The desired fluoropolymer dispersion was obtained through the same hydrolysis step and purification/concen-
tration step as in Example 5.

[0156] The polymer particles in the fluoropolymer dispersion obtained had an aspect ratio of 1.1 and an average
particle diameter of 60 nm.

INDUSTRIAL APPLICABILITY

[0157] The method for producing a fluoropolymer dispersion according to the present invention, which has the above-
described constitution, can produce, in an aqueous system, fluoropolymer dispersions each resulting from dispersion
of an acid/acid salt group-containing fluoropolymer through the polymerization reaction step and hydrolysis step. The
fluoropolymer dispersions obtained and the fluoropolymer solid compositions derived therefrom can be adequately used
in producing electrolyte membranes in solid polymer electrolyte fuel cells, in particular.

Claims

1. A method for producing a dispersion wherein a fine particle comprising a fluoropolymer having a sulfonic acid group
is dispersed in an aqueous dispersion medium, which method comprises producing the fluoropolymer dispersion
in an aqueous system by

(i) carrying out a polymerization reaction, preferably an iodine transfer polymerization, providing the fluoropol-
ymer precursor, and

(i) hydrolyzing -SO,X" wherein X' is a halogen atom and which is present in a fluoropolymer precursor, in an
aqueous medium, to thereby give the fluoropolymer, without drying the fluoropolymer precursor and the fluor-
opolymer.

2. The method of claim 1, wherein the sulfonic acid group is bound to a fluoroether side chain of formula (1):
-O-(CF,CFY1'-0),-(CFY?2), - 0]
wherein
Y1 each individually is F, Cl or perfluoroalkyl;
n is an integer of 0-3;
Y2 each individually is F or CI;
m is an integer of 1-5, and
the fluoroether side chain is bound via an ether bonding to a carbon atom of a perfluoroethylene unit in the main

chain of the fluoropolymer.

3. The method of claim 1 or 2, wherein the aqueous medium originates from an aqueous reaction medium in a polym-
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erization reaction giving the fluoropolymer precursor.
The method of claim 3, wherein the polymerization reaction is carried out by emulsion polymerization.

The method of any of claims 1-4, wherein the aqueous dispersion medium in the fluoropolymer dispersion originates
from the aqueous medium.

The method of any of claims 1-5, wherein the fluoropolymer precursor is obtainable by polymerizing a fluorovinyl
ether derivative of formula (Il):

CF,=CF-O-(CF,CFY1-0),-(CFY2),-SO,X (1
wherein Y1, Y2, m and n are as defined in formula (1) in claim 2, and
X is halogen, -OM3 or -OM*4,,

M3 is an alkali metal or NR9R10R11R 12 (R9-R 12 each individually are H or C,_4-alkyl), and
M4 is an alkaline earth metal.

The method of claim 6, wherein the fluoropolymer precursor is a binary or multinary copolymer obtainable by po-
lymerizing the fluorovinyl ether derivative (ll) and a fluorine-containing ethylenic monomer.

The method of claim 2, 6 or 7, wherein Y' is -CF5, Y2is F,nis 0 or 1 and mis 2.
The method of any of claims 1-8, wherein the polymerization reaction is an iodine transfer polymerization.

The method of any of claims 1-9, wherein step (ii) comprises treating the fluoropolymer precursor with an alkali and
a subsequent neutralization treatment with an acid.

The method of claim 9 or 10, wherein
(a) in step (i) the fluoropolymer precursor is obtained by polymerizing in the presence of

- a fluoromonomer (Pm) having -SO,X! wherein X! is a halogen atom, and

- a fluoromonomer (Qm) having -SO,X2 wherein X2 is -OM3 or -OM4, ,, wherein

M3 is an alkali metal or NR9R10R'1R 12, wherein R9-R12 each individually are H or C4_4-alkyl, and
M4 is an alkaline earth metal;

or a fluoromonomer (Qm)-based polymer; and

(b) the subsequent step (ii) comprises an alkali treatment step and a subsequent step of neutralization with an
acid.

The method of claim 10 or 11, wherein step (ii) further comprises, after the alkali treatment step, removing a low-
molecular-weight substance being a residual monomer remaining in the polymerization reaction step, a polymeri-
zation initiator residue, an unrequired low-molecular-weight polymer, and/or a substance formed upon treatment of
the fluoropolymer precursor with an alkali.

The method of claim 12, wherein the step of removing a low-molecular-weight substance is carried out by ultrafiltration
technique.

The method of any of claims 11-13, wherein the fluoromonomer (Pm) has -SO,X" and the fluoromonomer (Qm)
has -SO,X2.

The method of any of claims 11-13, wherein the aqueous medium does not contain an emulsifier.

The method of Claim 15, wherein the fluoropolymer precursor is obtainable by a polymerization reaction in an
emulsifier-free aqueous reaction medium.
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A fluoropolymer dispersion obtainable by the method of any of claims 1-16.

Patentanspriiche

1.

10.

1.

Verfahren zur Erzeugung einer Dispersion, worin ein feines Teilchen, umfassend ein Fluorpolymer mit einer Sul-
fonsduregruppe, in einem wassrigen Dispersionsmedium dispergiert ist, wobei das Verfahren die Erzeugung der
Polymerdispersion in einem wassrigen System durch

(i) Durchfiihren einer Polymerisationsreaktion, bevorzugt einer lod-Transferpolymerisation, unter Erhalt des
Fluorpolymer-Vorlaufers, und
(i) Hydrolysieren von -SO,X, worin X' ein Halogenatomiist, und das in einem Fluorpolymer-Vorlaufer vorhanden
ist, in einem wassrigen Medium enthalt, unter Erhalt des Fluorpolymers ohne Trocknen des Fluorpolymer-
Vorlaufers und des Fluorpolymers.

Verfahren nach Anspruch 1, worin die Sulfonsduregruppe an eine Fluorether-Seitenkette der Formel (1) gebunden ist:

-O-(CF,CFY1'-0),-(CFY?2), - 0]

worin Y1 jeweils individuell F, Cl oder Perfluoralkyl ist, n eine ganze Zahl von 0 bis 3 ist, Y2 jeweils unabhangig F

oder Cl ist, m eine ganze Zahl von 1 bis 5 ist und

die Fluorether-Seitenkette tber eine Etherbindung an ein Kohlenstoffatom einer Perfluorethyleneinheit in der Haupt-

kette des Fluorpolymers gebunden ist.

Verfahren nach Anspruch 1 oder 2, worin das wassrige Medium von einem wassrigen Reaktionsmedium in einer
Polymerisationsreaktion stammt, die den Fluorpolymer-Vorlaufer ergibt.

Verfahren nach Anspruch 3, worin die Polymerisationsreaktion durch Emulsionspolymerisation durchgefiihrt wird.

Verfahren nach einem der Anspriiche 1 bis 4, worin das wassrige Dispersionsmedium in der Fluorpolymerdispersion
von dem wassrigen Medium stammt.

Verfahren nach einem der Anspriiche 1 bis 5, worin der Fluorpolymer-Vorlaufer erhaltlich ist durch Polymerisieren
eines Fluorvinylether-Derivates der Formel (l1):

CF,=CF-O-(CF,CFY1-0),-(CFY2)-SO,X (1
worin Y1, Y2, m und n wie in der Formel (1) in Anspruch 2 definiert sind, und
X Halogen, -OM3 oder -OM*,, ist, M3 ein Alkalimetall oder NRER1OR11R12 jst (R9-R12 sind jeweils unabhéngig H
oder C4_4-Alkyl) und M# ein Erdalkalimetall ist.

Verfahren nach Anspruch 6, worin der Fluorpolymer-Vorlaufer ein binares oder multindres Copolymer ist, erhaltlich
durch Polymerisieren des Fluorvinylether-Derivates (II) und eines fluorhaltigen ethylenischen Monomers.

Verfahren nach Anspruch 2, 6 oder 7, worin Y -CF5ist, Y2 Fist, n 0 oder 1 und m 2 ist.
Verfahren nach einem der Anspriiche 1 bis 8, worin die Polymerisationsreaktion eine lod-Transferpolymerisation ist.

Verfahren nach einem der Anspriiche 1 bis 9, worin Schritt (ii) die Behandlung des Fluorpolymer-Vorlaufers mit
einem Alkali und einer anschlieBenden Neutralisationsbehandlung mit einer Sdure enthalt.

Verfahren nach Anspruch 9 oder 10, worin
(a) im Schritt (i) der Fluorpolymer-Vorlaufer erhalten wird durch Polymerisieren in der Gegenwart von
- einem Fluormonomer (Pm) mit -SO,X!, worin X ein Halogenatom ist und

- einem Fluormonomer (Qm) mit -SO,X2, worin X2 -OM3 oder -OM*,, ist, worin
M3 ein Alkalimetall oder NR9R10R11R12st, worin R9 bis R12 jeweils unabhzngig H oder C4_4-Alkyl sind, und
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M4 ein Erdalkalimetall ist,
oder einem Polymer auf Fluormonomer (Qm)-Basis, und

(b) der anschlieRende Schritt (ii) einen Alkalibehandlungsschritt und einen anschlieenden Schritt der Neutra-
lisierung mit einer Saure enthalt.

Verfahren nach Anspruch 10 oder 11, worin Schritt (ii) weiterhin nach dem Alkalibehandlungsschritt die Entfernung
einer niedermolekularen Substanz, die ein restliches Monomer ist, das in dem Polymerisationsreaktionsschritt ver-
bleibt, eines Polymerisationsinitiatorrestes, eines nichterforderlichen niedermolekularen Polymers und/oder einer
Substanz enthalt, die bei Behandlung des Fluorpolymer-Vorlaufers mit einem Alkali gebildet ist.

Verfahren nach Anspruch 12, worin der Schritt der Entfernung einer niedermolekularen Substanz durch Ultrafiltra-
tionstechnik durchgefiihrt wird.

Verfahren nach einem der Anspriiche 11 bis 13, worin das Fluorpolymer (Pm) -SO,X" und das Fluormonomer (Qm)
-S0O,X; hat.

Verfahren nach einem der Anspriiche 11 bis 13, worin das wassrige Medium keinen Emulgator enthalt.

Verfahren nach Anspruch 15, worin der Fluorpolymer-Vorlaufer erhaltlich ist durch eine Polymerisationsreaktion in
einem emulgatorfreien wassrigen Reaktionsmedium.

Fluorpolymer-Dispersion, erhéltlich durch das Verfahren nach einem der Anspriiche 1 bis 16.

Revendications

Procédé de production d’une dispersion dans lequel une particule fine comprenant un fluoropolymére ayant un
groupe acide sulfonique est dispersée dans un milieu de dispersion aqueux, lequel procédé comprend la production
de la dispersion de fluoropolymére dans un systéme aqueux par

(i) la réalisation d’'une réaction de polymérisation, de préférence une polymérisation par transfert d’iode, four-
nissant le précurseur de fluoropolymere, et

(i) 'hydrolyse de -SO,X! dans lequel X! est un atome d’halogéne et qui est présent dans un précurseur de
fluoropolymere, dans un milieu aqueux, pour donner ainsi le fluoropolymére, sans sécher le précurseur de
fluoropolymere et le fluoropolymere.

Procédé selon la revendication 1, dans lequel le groupe acide sulfonique est lié a une chaine latérale de fluoroéther
de formule (1) .

-O-(CF,CFY1'-0),-(CFY?2), - )
dans laquelle

Y1 est chacun individuellement F, Cl ou perfluoroalkyle ;

nestunentierde 0a3;

Y2 est chacun individuellement F ou Cl ;

m est un entier de 1 a 5, et

la chaine latérale de fluoroéther est liée, via une liaison éther, a un atome de carbone d’'une unité de perfluo-
roéthylene dans la chaine principale du fluoropolymére.

Procédé selon la revendication 1 ou 2, dans lequel le milieu aqueux tire son origine d’'un milieu de réaction aqueux
dans une réaction de polymérisation donnant le précurseur de fluoropolymeére.

Procédé selon la revendication 3, dans lequel la réaction de polymérisation est réalisée par polymérisation par
émulsion.

Procédé selon I'une quelconque des revendications 1 a 4, dans lequel le milieu de dispersion aqueux dans la
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dispersion de fluoropolymere tire son origine du milieu aqueux.

Procédé selon 'une quelconque des revendications 1 a 5, dans lequel le précurseur de fluoropolymeére peut étre
obtenu par polymérisation d’'un dérivé de fluorovinyléther de formule (ll) :

CF,=CF-O-(CF,CFY-0),-(CFY2), -SO,X Iy

dans laquelle Y1, Y2, m et n sont tels que définis dans la formule (I) dans la revendication 2, et

X est un halogéne, -OM3 ou -OM?,,

M3 est un métal alcalin ou NROR1OR11R12 (R9 a R12 sont chacun individuellement H ou alkyle en Cy 4 4), et
M4 est un métal alcalino-terreux.

Procédé selon larevendication 6, dans lequel le précurseur de fluoropolymeére est un copolymeére binaire ou multinaire
pouvant étre obtenu par polymérisation du dérivé de fluorovinyléther (ll) et d'un monomere éthylénique contenant
du fluor.

Procédé selon la revendication 2, 6 ou 7, dans lequel Y' est -CF3, Y2 est F, n vaut 0 ou 1 et m vaut 2.

Procédé selon 'une quelconque des revendications 1 a 8, dans lequel la réaction de polymérisation est une poly-
mérisation par transfert d’iode.

Procédé selon I'une quelconque des revendications 1 a 9, dans lequel I'étape (ii) comprend le traitement du pré-
curseur de fluoropolymére avec un alcali et un traitement de neutralisation ultérieur avec un acide.

Procédé selon la revendication 9 ou 10, dans lequel
(a) a I'étape (i), le précurseur de fluoropolymére est obtenu par polymérisation en présence de

- un fluoromonomére (Pm) comportant -SO,X1, dans lequel X! est un atome d’halogéne, et

- un fluoromonomeére (Qm) comportant -SO,X2, dans lequel X2 est un -OM3 ou -OM4,,, dans lequel
M3 est un métal alcalin ou NR®R1OR1"R12, dans lequel R® &

R12 sont chacun individuellement H ou alkyle en C4 & 4, et

M4 est un métal alcalino-terreux ;

ou un polymére a base de fluoromonére (Qm) ; et

(b) I'étape (ii) ultérieure comprend une étape de traitement par alcali et une étape ultérieure de neutralisation
avec un acide.

Procédé selon la revendication 10 ou 11, dans lequel I'étape (ii) comprend en outre, aprés I'étape de traitement par
alcali, I'élimination d’une substance de faible masse moléculaire qui est un monomere résiduel restant dans I'étape
de réaction de polymérisation, un résidu d’initiateur de polymérisation, un polymere de faible masse moléculaire
non requis, et/ou une substance formée lors d’un traitement du précurseur de fluoropolymére avec un alcali.

Procédé selon la revendication 12, dans lequel I'étape d’élimination d’'une substance de faible masse moléculaire
est réalisée par une technique d'ultrafiltration.

Procédé selon I'une quelconque des revendications 11 & 13, dans lequel le fluoromonomeére (Pm) comporte -SO,X1,
et le fluoromonomeére (Qm) comporte -SO,X2.

Procédé selon I'une quelconque des revendications 11 a 13, dans lequel le milieu aqueux ne contient pas d’émul-
sifiant.

Procédé selon la revendication 15, dans lequel le précurseur de fluoropolymere peut étre obtenu par une réaction
de polymérisation dans un milieu de réaction aqueux dépourvu d’émulsifiant.

Dispersion de fluoropolymére pouvant étre obtenue par le procédé de I'une quelconque des revendications 1 a 16.
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